Background-Paroxysmal atrial fibrillation (PAF) is considered a frequent complication of acute myocardial infarction (AMI), associated with increased in-hospital and long-term mortality rates. This notion is based on data collected before thrombolysis and additional modern methods of treatment became widely available, and no information is available on the significance of PAF in the general population with AMI in the thrombolytic era. The aim of the present study was to define the incidence, associated clinical parameters, and short-and long-term prognostic significance of PAF in patients with AMI in the thrombolytic era.
P AF is a frequent complication of AMI, which is generally believed to be associated with increased in-hospital and long-term mortality rates. [1] [2] [3] We have previously shown that patients with PAF during AMI, compared with non-PAF patients, had higher in-hospital and 1-year mortality rates in the SPRINT registry of 5839 consecutive patients. 4 However, the independent effect of PAF on the in-hospital mortality disappeared after accounting for confounding factors using multivariate regression analysis. Mortality at 1 year after the AMI was, nevertheless, higher (OR, 1.28; 95% CI, 1.12 to 1.46) than in counterparts free from PAF, even after adjustment for potential contributing factors.
Most previous studies, including our own, were conducted in the PTE. [1] [2] [3] [4] [5] [6] [7] Little is known concerning the incidence of PAF, the factors associated with its occurrence, and its effects on the short-and long-term prognoses of patients with AMI in the TE. In the present study, we examined a nationwide cohort of patients hospitalized for AMI in Israel during 2 months in 1992, 1994, and 1996 and compared them with patients enrolled during 1981 through 83 in the SPRINT registry.
Methods

Patients
Two cohorts of patients admitted to CCUs in Israel for AMI constitute the basis for this study. The first encompasses 2936 consecutive patients included in two surveys conducted in all 25 CCUs during January/February of 1992, 1994, and 1996 (TE). The second comprises 5839 consecutive patients who were included in the SPRINT registry after admission to 13 CCUs in Israel between 1981 and 1983 (PTE) . The SPRINT study examined the use of prophylactic nifedipine versus placebo administered 7 to 21 days after AMI to 2276 of the 5839 registry patients. Nifedipine did not affect the outcome of the SPRINT randomized patients. Seventy TE patients and 36 PTE patients were excluded because of incomplete files or a history of chronic atrial fibrillation, leaving 2866 and 5803 patients in TE and PTE cohorts, respectively. AMI was diagnosed by clinical, ECG, and enzymatic findings. One thousand three hundred twentyeight of TE patients (46.3%), but none of PTE patients, received thrombolytic therapy with either streptokinase or tissue plasminogen activator. PAF was defined according to acceptable criteria 8 and to be included in the study had to be detected during the CCU stay. Demographic, historical, and clinical data during hospitalization were collected on designated forms for all participating patients. For both cohorts, 1-year mortality follow-up was completed for 99% of the patients by periodic examinations, hospital records, examination of the Israeli population registry, and telephone interview of the patients, their families, or their family physician.
Patients in the TE who developed PAF were compared with those who did not. The effects of thrombolytic treatment on the incidence and consequences of PAF were examined as well. Then, TE patients with PAF were compared with their PTE counterparts in the SPRINT registry regarding admission data, hospital course and complications, and 30-day and 1-year mortality rates.
Statistical Analysis
The SAS software was used for statistical analysis. The comparison of proportions was done using 2 test. Student's t test was used to compare cohort means for continuous variables. Values of PՆ.05 were considered nonsignificant.
Logistic regression analysis of the incidence of PAF, stroke, and the 30-day mortality was performed using LOGISTIC procedure. 9 Multivariate analysis of 1-year mortality was done using the Cox proportional hazard model (PHREG procedure). 10 The parameters in both stepwise analyses included age, sex, past AMI, diabetes mellitus, CHF on admission, history of hypertension, angina pectoris, and anterior AMI location, with the addition of thrombolysis and interventional procedures for analysis in the TE.
Unadjusted survival curves were produced using the Kaplan-Meier method. Adjusted survival curves were constructed using variables entered into the Cox model.
Results
TE Patients
PAF occurred in 255 TE patients (8.9%). The incidence of PAF was 6.7% (89 of 1328) among patients treated with thrombolytic therapy and 10.8% (166 of 1538; Pϭ.001) among those not receiving this treatment. Those with PAF were significantly older, included more women, and were sicker as demonstrated by a higher incidence of previous AMI, diabetes mellitus, hypertension, and CHF on admission (Table  1) . Using a logistic model, age and CHF on admission were found as significant predictors of PAF, whereas thrombolysis was marginally associated with PAF (OR, 0.84; 95% CI, 0.63 to 1.11).
There was a significant decline in the incidence of PAF during the three periods in the TE (1992:96 of 941, 10.2%; 1994: 89 of 999, 8.9%; 1996: 70 of 926, 7.6%; P value for trendϭ.04). After adjustment for age, CHF on admission, use of thrombolytic treatment, coronary balloon angioplasty, and bypass surgery, the OR for PAF in 1994 was 0.81 (95% CI, 0.59 to 1.11) and the OR in 1996 was 0.81 (95% CI, 0.57 to 1.13) compared with that in 1992.
Stroke occurred more frequently in patients with PAF (10 of 255, 3.9%) than in those without PAF (16 of 2611, 0.6%), PϽ.001. After adjustment for significant predictors, including age, sex, previous AMI, diabetes mellitus, and congestive heart failure on admission, PAF was significantly associated with stroke (OR, 4.60; 95% CI, 1.90 to 10.8). Transthoracic echocardiographic examination, performed in 19 patients with stroke, revealed left ventricular dysfunction (ejection fraction Ͻ35%) in 13 patients, left ventricular apical thrombus in 7 patients, and left atrial thrombus in none. Computed tomography of the brain, performed in 11 patients, showed ischemic infarction in 10 patients and hemorrhagic infarction in 1 patient. However, the incidence of stroke was not related to the administration of thrombolytic agents, with an incidence of 3.4% among PAF patients with and 3.9% among those without thrombolysis.
PAF in TE Versus the PTE
The incidence of PAF was similar in the TE and PTE (255 of 2866, 8.9%; 577 of 5803, 9.9%, respectively). Compared with patients with PAF in the PTE, those with PAF in the TE were older, were more likely to be female, had more previous AMI and diabetes mellitus, and had a smaller incidence of Q-wave AMI and angina pectoris ( Table 2 ). There was no significant difference in the prevalence of hypertension and current smoking. The prevalence of more severe CHF (Killip classes 3
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AMI ϭ acute myocardial infarction CCU ϭ coronary care unit CHF ϭ congestive heart failure CI ϭ confidence interval OR ϭ odds ratio PAF ϭ paroxysmal atrial fibrillation PTE ϭ prethrombolytic era RR ϭ relative risk SPRINT ϭ Secondary Prevention of Reischemia Israeli Nifedipine Trial TE ϭ thrombolytic era and 4) in patients with PAF was significantly higher in the TE than in PTE (Table 2) . Table 3 delineates the hospital course and complications in the two eras. Patients with PAF in the TE and PTE had a similar incidence of complications, including atrioventricular block, ventricular tachycardia and fibrillation, CHF, cardiogenic shock, and cerebrovascular accidents. CHF on admission and during hospitalization taken together occurred similarly in a substantial percentage of patients with PAF in the PTE and TE (57% and 50%, respectively).
Significant differences were noted regarding the mode of therapy between the two eras. Patients in the TE underwent more coronary angiography, angioplasty, and bypass procedures and less hemodynamic monitoring by Swan-Ganz catheter and temporary pacemaker insertion (Table 3 ). In addition, they received more ␤-receptor blockers, nitrates, anticoagulants, aspirin, and ACE inhibitors than counterparts in the PTE.
Mortality
In the TE, crude mortality was 11.7% (334 of 2866) at 30 days and 17.3% (495 of 2866) at 1 year. The 30-day and 1-year mortality rates of TE patients with PAF was significantly higher than that of patients without PAF (25.1% versus 10.5%, and 38.4% versus 15.2%, respectively). After adjustment for significant predictors of mortality (age, sex, previous AMI, diabetes mellitus, congestive heart failure on admission) the 30-day OR for mortality among TE patients with PAF was 1.32 (95% CI, 0.92 to 1.87), and the 1-year RR was1.33 (95% CI, 1.05 to 1.68) compared with counterparts without PAF.
Thirty-day crude mortality in the PTE patients was 16.8% (975 of 5803), and 1-year mortality was 24.2% (1404 of 5803). Mortality among patients with PAF in the PTE (30 day, 27.6%; 1 year, 42.5%) was similar to that of counterparts in the TE. Because of the differences between the characteristics of patients with PAF in the two periods, a multivariate adjustment was performed. After adjustment, the mortality of patients with PAF was significantly lower in the TE compared with the PTE (30 day: OR, 0.64; 95% CI, 0.44 to 0.94; 1 year: RR, 0.69; 95% CI, 0.54 to 0.88 (Fig 1) . Eighty-nine TE patients with PAF (34.9%) received thrombolytic therapy. The 30-day mortality rate was 19.1% (17 of 89) and 28.3% (47 of 166; Pϭ.11), and the 1-year mortality rate was 26.9% (24 of 89) and 44.6 (74 of 166; Pϭ.006) among those receiving and those not receiving thrombolysis, respectively. Both thrombolysis-treated and untreated TE patients had signifi- cantly lower 1-year mortality rates compared with PTE patients (OR, 0.60; 95% CI, 0.39 to 0.92; RR, 0.73; 95% CI, 0.55 to 0.86, respectively). Fig 2 illustrates the adjusted survival curve for these two TE groups and the PTE patients.
The 30-day and 1-year mortality rates were relatively high and similar among PAF patients with CHF on admission or during hospitalization in the TE and PTE (35% versus 33% and 51% versus 50%, respectively). Again, after adjustment for significant predictors, including age, sex, past AMI, and diabetes mellitus, mortality was lower in the TE than in the PTE (30 day: OR, 0.66; 95% CI, 0.43-1.00; 1 year: RR, 0.75; 95% CI, 0.57 to 0.98). Patients with PAF without CHF had a relatively low 30-day and 1-year mortality rate in the TE and PTE (10% versus 10% and 15% versus 22%, respectively).
Discussion
This study examined the incidence and clinical significance of PAF in a group of 2866 patients with AMI treated in CCUs during the 1990s, the "thrombolytic era," of whom 46.3% received thrombolysis. The group was compared with a cohort of 5803 patients with AMI treated in the early 1980s, none of whom had been treated by thrombolytic agents (the "prethrombolytic era").
The main findings of this study are (1) the incidence of PAF is lowered among patients with AMI treated by thrombolysis, but the overall incidence of PAF and its short-and long-term mortality rates are similar in the TE and PTE; (2) patients in the TE who develop PAF during their hospitalization in the CCU for AMI have worse short-and long-term prognoses than their counterparts without PAF, mostly due to their worse risk profile; (3) congestive heart failure is highly associated with PAF and with relatively high short-and long-term mortality rates, whereas its absence in patients with PAF is not associated with increased mortality; and (4) PAF in the TE occurs in older and sicker patients than in the PTE. Thus, although crude mortality was similar in the two eras, the adjusted mortality among patients with PAF in the TE was significantly reduced by Ͼ30% compared with the PTE.
Incidence of PAF in the TE
The recent introduction of thrombolysis and additional therapeutic modalities in the acute phase of myocardial infarction, such as ␤-receptor blockers, ACE inhibitors, and aspirin, as well as interventional procedures, has had considerable effects on the course and prognosis of the disease. [11] [12] [13] [14] [15] Interestingly, only limited information is available on the clinical significance of PAF in patients with AMI in the TE.
A recent study on PAF in AMI included 517 patients, only a minority of whom apparently were treated with thrombolysis. However, no specific data on the incidence of PAF in relation to the thrombolysis were provided. 16 Nielsen et al 17 found a significant reduction in the incidence of PAF among 152 patients with AMI who underwent thrombolysis (from 16% to 3%, Pϭ.009). Our findings in a much larger group of thrombolysis treated patients confirm these observations, although the decline in the incidence of PAF was much smaller, from 10.8% to 6.7%.
The incidence of new in-hospital PAF among the 40 391 GUSTO trial patients, all of whom received thrombolytic therapy, was quite similar to that in our study (3254, 8.0%). 18 We also found a trend toward a decline in the incidence of PAF during the TE. This seems to be, at least partly, due to a decline in the incidence of CHF and the increasing use of thrombolysis, coronary balloon angioplasty, and bypass surgery over this period.
The present study is unique because it is a community-based study that includes all patients treated for AMI in all CCUs in Israel during a 6-month period in the TE, including those who were treated and those who were not treated with thrombolytic agents. Interestingly, the incidence of PAF among all patients with AMI in the TE was only slightly reduced compared with that in the PTE. The reason for this finding is not known, and it could be due to different patient populations (see below).
Prognostic Significance of PAF
Patients with PAF in the TE have a dismal short-and long-term prognoses compared with their counterparts without PAF. This is partly due to the fact that PAF patients are older and as a group has a higher prevalence of women, diabetes mellitus, hypertension, angina, and previous AMI (Table 1) , factors associated with a higher mortality in the post-AMI population. 19, 20 CHF seems to play a pivotal role in the prognosis of these patients, and its absence is associated with a short-and long-term mortality rates similar to those of patients without PAF. Similar findings have been reported by Madias et al. 16 Thrombolytic treatment, as expected, is associated with improved 30-day and 1-year prognoses.
Stroke occurred much more frequently among patients with than in those without PAF. Of note, its incidence was not related to the use of thrombolysis or to atrial thrombus, whereas poor left ventricular function and left ventricular thrombus were relatively frequent in these patients. These findings suggest that stroke in patients with PAF is not directly due to the arrhythmia and most likely reflects the extent of the AMI and its consequences. 21 However, because the number of patients with stroke was relatively small and thrombi were detected by transthoracic and not by transesophageal echocar- diography (see below), further confirmation of these mechanisms is required.
Interestingly, although most complications of AMI in the TE are associated with a better prognosis than in the PTE, 22, 23 the short-and long-term prognoses of patients with PAF in the TE and PTE remain quite similar. However, the patient population afflicted by PAF is distinctly different, being older and including more women and more past AMI ( Table 2) . This probably reflects the increasing number of patients surviving their first AMI during the TE. Conceivably, these patients will be older and sicker during a consequent AMI. In fact, after adjustment for conventional confounders, mortality in patients with PAF in the TE was reduced significantly by Ͼ30% compared with the PTE (Table 2, Fig 1) . A plausible interpretation of these data is that modern thrombolysis and additional therapeutic measures are effective in reducing mortality in the post-AMI period, despite the fact that PAF occurs now in sicker and older patients. The importance of modern therapeutic measures is supported by our data, showing a better 1-year adjusted survival rate for TE patients who were not treated by thrombolysis compared with PTE patients, all of whom did not receive thrombolysis (Fig 2) .
Study Limitations
It is generally believed that PAF may cause stroke rather than vice versus. 24 -26 Our data do not allow the time relationship between the two events to be defined, and therefore an association rather than cause and effect is described. Transthoracic echocardiography used in this study may fail to detect a significant percentage of existing left atrial thrombi, particularly those in the appendage. 27 Moreover, the prevalence of left ventricular thrombus in the entire cohort is unknown, and therefore neither the specificity nor its predictive value for stroke can be evaluated. However, the association of poor left ventricular function and thrombi with stroke in patients with PAF remains prominent and seems to best explain the relationship between the two. 21, 28 Left ventricular ejection fraction is a major predictor of mortality in post-AMI patients. 29 Although not available in these patient cohorts, CHF on admission and during CCU stay was used as a surrogate and was found to be highly associated with PAF and increased mortality.
The causes for the decreased adjusted mortality among patients with PAF in the TE cannot be analyzed in this observational type of study. It may be attributed to improved medical treatment in the acute and early phases of MI. Similarly, a recent report attributed a trend toward better prognosis among patients with heart failure (unrelated to AMI) and PAF in the 1990s to improvements in medical treatment. 30 
Clinical Implications
PAF in the TE identifies a group of older and sicker patients than their counterparts without PAF. These patients probably should be targeted for earlier and more aggressive treatment because their overall prognosis is significantly worse than that of their counterparts without PAF. An echocardiogram to specifically look for left ventricular thrombus in patients with PAF seems mandatory in light of the apparent association between the two found in our study.
In summary, this is the first community-based study that examined the incidence and prognostic implications of PAF in AMI in the TE. We found that thrombolysis did not affect the overall incidence of PAF and the associated short-and longterm mortality rates, which remains as high as those in the PTE. However, this seems to be due to a higher risk profile of the TE patients with PAF. Accordingly, the adjusted contemporary mortality of PAF patients is lower by Ͼ30%, probably reflecting more efficient current treatment modalities.
